Once all the steps of ethylene biosynthesis in higher plants were described the interest moved to the characterization and purification of the enzymes involved in this pathway. Soon after the discovery of ACC, ACC-synthase was identified and extracted from plant tissue [ 10, 1 11. Recently Since EFE has never been isolated in cell-free preparations it has been suggested that the enzyme or the enzyme complex is membrane bound and needs cellular integrity for functioning [27, 29-3 13.
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The conversion of ACC to ethylene so far obtained in cell-free extracts lacks stereospecificity [ 321, which provides a unique test for identifying genuine EFE activity. Although the ACC molecule lacks any chiral atom, tissue EFE displays a strong stereoselectivity by converting preferentially into 1 -butene only one of the four stereo-isomers of 1-amino-2-ethylcyclopropane-1-carboxylic acid (AEC) generated by the ethyl substitution of each of the four methylene hydrogens [ 331. Non-stereospecific conversion of ACC to ethylene has been attributed to contamination with a non-specific free-radicalproducing enzyme [ 341.
The synthesis of ethylene at the onset of ripening in climacteric fruit such as tomato, is believed to stimulate an increase in respiration and changes in gene expression required for ripening to occur [35, tion. Its role was tested by inhibiting production of the corresponding mRNA in transgenic tomatoes, using an antisense-gene approach. This strategy had been previously applied successfully to inhibit PG gene expression in ripening tomato fruit [44] .
An antisense gene was constructed from a 1.1 kb region of the pTOM13 cDNA under the control of the CaMV 35s promoter and transferred to tomato plants using a modified Agrobacterium tumfaciem Ti plasmid [45] .
In plants transformed with a pTOM13 antisense gene, ethylene synthesis and the normal accumulation of the pTOM13 mRNA were strongly inhibited during ripening of fruit and in wounded leaves. The major reduction in the amount of antisense RNA in these tissues is consistent with a mechanism of antisense inhibition, involving the destruction of both sense and antisense RNA strands. Selfing of a primary transformant yielded progeny with zero, one or two antisense genes. In plants that had not inherited an antisense gene, ethylene synthesis was normal, showing that the function of the endogeneous genes was not permanently affected by the antisense gene. Plants with one or two antisense genes showed a gene-dosagedependent reduction in ethylene synthesis and EFE activity, strongly suggesting that pTOMl3 mRNA encoded a component of the EFE [45] . The fruit of transgenic plants with two antisense genes produced only about 5% of normal ethylene [45] .
When left attached to the plant, these fruits changed colour as normal but some aspects of ripening were retarded and they did not shrivel and over-ripen as did normal fruit. When picked at the mature green stage EFE-antisense fruit turned slowly yellow and eventually became pale orange after several weeks. Normal colour change was restored by supplying 20 pl/l ethylene (Fig. 1) . The effect of reduced ethylene on gene expression and ripening in these fruit is under investigation.
The function of the pTOM13 polypeptide was tested directly by expression in Saccharomyces cerevbzize, after correcting small cloning artefacts [46] .
Yeast transformed with the corrected clone (pRC 13) converted ACC to ethylene with similar characteristics to those described for plant tissues (Fig. 2) . As with genuine EFE, activity of the pRC 13-encoded protein expressed in yeast showed a sharp discrimination between stereo-isomers of AEC, the higher analogue of ACC. Also, this activity was strongly inhibited by Co2+ ions and the metal-chelating agent, 1,lO-phenanthroline (Table   1 ). The analysis of the amino acid sequence derived from pRCl3 showed substantial homology to flava- none-3-hydroxylase (Prescott & Martin, cited in [45] ). This is consistent with the fact that, like many members of the hydroxylase family, EFE activity in transformed yeast is enhanced by ascorbate and strongly inhibited by iron-chelating agents (Table  1) . These results confirm the previous hypothesis based on the antisense experiments and provide clear evidence that a single gene product is sufficient for EFE activity. This was somewhat surprising, since the predicted structure of the 35 kDa pTOM13 polypeptide, and that of a related gene, indicated that it contained no obvious transit peptide or membrane-spanning regions, suggesting that the polypeptide was cytosoluble. These findings seem inconsistent with the presumed membrane location of EFE. Although the identification of EFE genes represents an important advance in the knowledge of ethylene biosynthesis, the structural information deduced from the amino acid sequence raises numerous questions. As the pRC 13-encoded protein has the characteristics of a cytosolic protein, it is strange that protoplasts isolated from a variety of plant material lose most of their capacity to convert ACC into ethylene. Additionally, why do nonmembrane-permeable probes greatly inhibit ethylene production in plant tissues, and why is EFE activity so strongly affected by detergents, uncouplers of oxidative phosphorylation, and by Table I osmotic shock? Taking these findings into account, the possibility cannot be ruled out that other gene(s) exist encoding an EFE protein which is targeted to a different cellular location. However, because of the drastic reduction of ethylene synthesis from fruit in tomato plants transformed with a pTOM 13 antisense gene, the gene(s) encoding the majority of EFE activity in ripening tomato fruit must share considerable sequence homology with the pTOM 13
cDNA.
Screening the tomato genomic library with pTOM13 cDNA revealed at least three EFE genes [40-42, 471 and an important task now is to determine the factors regulating specific expression of these genes in different tissues and during different stages of development. Raising antibodies against the various EFE proteins will be useful for more accurate subcellular localization of EFE activity, using immunodetection in cell fractions, and may aid the purification of different enzyme isoforms. 
